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« General Responses to AOC Parties’ Top 10 Comments
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— Halawa Correctional Facility
» RHTBO1 and RHMW12
 RHMW14

» RHMW13
« RHMW15

Scheduled for January 21-29, 2019
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1. Predominant F llowing a site tb tween the Navy a dDOH N ember 28,
strike and dip 2018, the AOCP rties agreed upon 213.6 de g th dp azimuth
of basaltin the | and 2.9 degrees for th e dip magnitude. This tt s being
geologic model mcorporated mto a new flow model grid and W|II also be used for

fu th valuatio fp tentia ILNAPng ation. Additionally, the Navy

plan d ct an initial sensitivity analysis for a dip azimuth of

184. 6 d g wth d ip ma g nitu d of 5.9 degrees since there is

inherent bIty n basalt flows as evidenced by the bimodal

di tbt observed as part o fth e geologic study.

oooooooooooooooooooooooo



2. Saprolite extent
in the interim
model vs.
depths inferred
by seismic
profiling

The Navy has developed a 3-D geologic model that describes the lateral and
vertical extent of saprolite (as well as caprock, marine sediments, tuffs, and
basalt) in the vicinity of Red Hill. This model is based on (a) the seismic
study conducted by Boise State University (Dr. Lee Liberty),

(b) previous geologic studies in the area, and (c) interpretation of boring logs
from key well locations within the area. The Navy has discussed two different
interpretations of the Halawa Deep Monitoring Well (2253-03) boring log for
the saprolite/basalt interface with the AOC parties: (1) DOH’s -5 ft msl and,
(2) the Navy’s interpretation of -55 ft msl. The Navy extrapolated where each
pick would cross the air/groundwater interface (piezometric surface) of the
regional basal aquifer in South Halawa Valley by projecting the base of
saprolite up valley using a 3% slope, which is based on the Oki 2005
estimated projection.

The Navy is developing two saprolite models to represent conditions in
South Halawa Valley. The Navy will use the current interpretation of the
saprolite model, and will evaluate the model’'s sensitivity to the DOH
interpretation. Drilling is ongoing in South Halawa Valley, and more is
planned. If new data are not available by the time the October 2019 model is
developed, the Navy plans to use the more conservative interpretation of
saprolite geometry for groundwater flow modeling.

ED_006532_00002883-00010
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Re g d ng lav tb ousevaluat
p ented to the RgltryAg
Iklytht a lava tube could pro d

pathway between the Red Hill Facility a

study as part of the interim modeling

highly permeable zones that could potentially impact Red Hill Shaft

(and other areas). This type of approa
modeling efforts.

effort simulated a clinker zone
beneath Red Hill to further evaluate pre

ch will continue for the ongoing

otential preferential pathways

onducted by the Navy and
dm strated that it is highly
complete preferential
nd Halawa Shaft. A sensitivity

ferential pathways related to
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4. Representatlon
of caprock,
tuffs, and
sediments

As part of the geologic studies previously mentioned, the Navy has
developed a 3-D geologic model of the Red Hill area that incorporates all
available geologic information from ongoing studies as well as past studies.
Collaborative feedback from the Regulatory Agencies was considered in
development of this 3-D geologic model, which now incorporates tuffs
(associated with the Honolulu Volcanic Series), basalt, marine sediments,
caprock, and saprolite. Interpretation of the marine limestone caprock
geometry was largely based on borings from Stearns and Chamberlain
(1967). The extent of ash deposits was based on a paper by Pankiwskyj
(1972) as well as data from HART rail borings. The tuff cone vents were
interpreted based on academic research papers on other similar Honolulu
Volcanic Series tuff cones as well as tuff cones outside of Hawaii.

In addition, HART boring logs used by the Navy as part of their geological
evaluation are now available to the Regulatory Agencies for their review.
MVS files (.efb format) have been provided to the Regulatory Agencies and
will continue to be provided periodically as the model is updated. Finally,
marine sediments and tuffs will be modeled as separate layers as part of
the ongoing modeling effort.

ED_006532_00002883-00012




5. Drinking water As part of the post-interim modeling effort progressing toward the
shaft inflows October 2019 model, a sensitivity analysis was conducted related to
non-uniform tunnel inflow at Red Hill Shaft. This modeling effort
demonstrated that the model was insensitive to this factor. This
evaluation was described to the Regulatory Agencies. Additional
sensitivity evaluations considering head dependency and the
synoptic/transfer function noise (TFN) analysis are being conducted
for the current modeling effort as part of a multi-step process. Finally,
the Navy is further evaluating the potential effects of pumping
conditions on water quality at Red Hill Shaft as part of the ongoing

LTM effort.

6. Calibration to As part of the interim modeling effort, dozens of models were
groundwater developed and calibrated. Models that utilized a clinker zone beneath
heads and Red Hill (as part of a sensitivity analysis related to preferential
gradients pathways) had relatively good calibration to heads. ATFN analysis

has been developed, and future modeling efforts will also be
calibrated with respect to TFN-based heads in individual monitoring
wells under a range of pumping conditions.

ED_006532_00002883-00013
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8. LNAPL fate and
transport

Based on agreements among the AOC Parties in December 2015,
the Navy developed a statistical evaluation utilizing a Monte Carlo
approach that considered a range of values related to (a) geologic
properties of the basalt, and (b) LNAPL properties. The basis of this
effort was the Navy’s interpretation of chemistry, natural source-zone
depletion (NSZD) testing, and groundwater data indicating that the
2014 release did not impact groundwater. Additional geologic data
related to petrographic analyses and strike/dip (per the recent
alignment on this issue) will be integrated into the ongoing evaluation
effort. The Navy concurs with the Regulatory Agencies on the
importance of being on the front end of LNAPL transport evaluations
and the need to collaborate on source zone evaluation to ensure
better alignment in determining if a range of releases can be captured
through pumping.
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9. Groundwater The Navy has recently conducted a thorough evaluation of groundwater

data chemistry related to COPCs, non-COPCs (natural attenuation and
groundwater indicator compounds), tentatively identified compounds (TICs),
and inorganic chemistry. This analysis forms the basis of the ongoing LNAPL
evaluation and is proposed to be discussed during the next face-to-face
meeting with the AOC Parties. While there may be multiple interpretations
for individual data sets, the Navy is utilizing multiple lines of evidence for
each analysis to provide a strong basis for the interpretation of groundwater
chemistry.

10. LNAPL and Based on agreements among the AOC Parties in December 2015, additional

dissolved- intrusive investigation within the tank farm would not be conducted due to
phase the potential to create a conduit (preferential pathway) to the underlying
distribution aquifer. As described in the Navy’s response to Comment #9, a holistic

evaluation of groundwater chemistry data (considering COPCs, non-COPCs
(natural attenuation and groundwater indicator compounds), TICs, and
inorganic chemistry) along with the results of various NSZD studies provide
multiple lines of evidence that support the Navy’s current interpretation of
LNAPL and dissolved chemical distribution. While different interpretations of
single data sets may be possible, the use of multiple lines of evidence
provides a very strong basis for the Navy’s interpretation. 01/17/2010
ED_006532_00002883-00016
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« Groundwater samples were split with EPA R

2017 to July 2018.

« Initial split sampling event results showed
contracted laboratory results compared to
and to a lesser extent PAHs. All other result
between the two laboratories.

« The Navy-contracted laboratory
their EPA Method 8015 and E

* The July 2018 sp
recoveries

lit sample results showed simi
between the two laboratories.
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results.
» For samples with high TPH-d concentrations (i.e., RHMW

EPA R9 Lab’s TPH-d recoveries were approximately 2x §g§*§m than
APPL’s TPH-d recoveries.

+ Nitrate concentrations between the two laboratories were
inconsistent, but were not extensively examined as nitrate is not a
COPC.

» All other resulls were consistent between the two laboratories.

vy began evaluation of the T
proactively evaluated the

— Inherent uncertainties associated with TPH analysis were not
unexpected and required further evaluation.

ED_006532_00002883-00019



« Per the C

identifieq:

1.

o
uti

low-on discussion with the EPA QA Office regarding analytical options
ized in each step of the TPH analysis.

Status: Conducted discussion with EPA Region 9 Lab during the Jan 25, 2018 split sampling
call/update. Both laboratories are following the same guidance method (8015).

Third-party validation of EPA lab data packages (Jan, Feb, Mar 2017).
Status: Completed in Dec 2017,

Single-blind performance testing (PT) samples for EPA R9 Lab and APPL.
Status: Completed PT sample analysis as follows:

» Completed analysis of 3 TPH-DRQ PT samples utilizing the same analytical protocols used
during the Jan-Mar 2017 events.

« Completed 1 TPH-DRO PT sample utilizing 1-L exitraction protocol.

Additional split groundwater sampling and analyses for select monitoring
wells (RHD RHMWO2, and RHMWO03) for TPH-d, TPH-0, and PAHs
{(1-methylnaphthalene, 2-methylnaphthalene, and naphthalene).

Status: Conducted the split sampling during the 41" Qir 2017 groundwater moniioring event.

ED_006532_00002883-00020



o B

ple analyses for AP
@m m@r optimization steps performed.

- Conducted additional split samp
can achieve recoveries comparal
groundwater samples.
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nitial

imization
- Qctober 2017 PT sample results indicated a low bias for TPH-d
warranted further review of AP
Quantitation/Analysis:

* Results from direct inject of PT standard on to GC indicate no issues with:

— Calibration Standards — APPL and EPA RY Lab to use the same Diesel
calibration standard

- Calibration Curve
— Integration Protocols
-~ Extraction:
« Comparison of automated liquid-liquid (L.-L.) vs. manual separatory funnel
(SF) shaking methods indicated:

— L-L method improved recoveries by ~10%, and results were more
consistent

-~ Concentration:
« Comparison of rotary evaporator vs. DryVap methods indicated:
— Rotary evaporator method improved recoveries by ~20%

ED_006532_00002883-00022



nized method (L-L/rotary
porator.

AP improved (~10% increase in
mmwrw further mfam 1ent of their method was pursued.

— July 2018 (3rd Qtr 2018 event)
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plit Sampling Results:

X

« TPH is a method-defined parameter and it is, by definition, method/lab

dependent.

— Variability in extraction, concentration, cleanup methods

- Yariation in calibration standards

» Variability of TPH results is sig

component measurements like BTEX.

- DoDIDOE (2018) Quality Systems Manual for Analytical Services acceptance
criteria for the laboratory control sample (L.CS) are 36~132% of the expected
value. Acceptance criteria for BTEX are tighter, in the range of 768-121%.

— Performance testing samples from vendors have acceptance criteria of 30~
125% of the spiked concentrations.

« TPH includes parent petroleum hydrocarbons, petroleum
hydrocarbon-related metabolites and any matter detected in the
analysis.

~ Presence of polar compounds and metabolites has large impact on results.

ED_006532_00002883-00024



Jan 2017

APPL

TPH-d:

Naphthalene:
2-Methylnaphthalene:
1-Methyinaphthalene:

1400 pg/l.
69 ug/L
11 ug/l.
25 ug/l

EPA RS Lab

TPH-d:

Naphthalene:
2-Methylnaphthalene:
1-Methyinaphthalene:

4000 ug/l.
77 ug/l
11 g/l
33 ug/l

: @mm%mm%@y hagmr
m the

mmmmm er TI

gf?@mm%

— Polar compounds/metabolites

» Polar compounds/metabolites
are more difficult to extract
from water than hydrocarbons
(non-polar). These compounds
are also more difficult to
analyze with methods that
were developed for
hydrocarbons.

Both laboratories have
comparable results for PA

ED_006532_00002883-00025




RHMWO02
TPH-d (C10-C24)
Before Silica Gel Cleanup

 TPH-d in F 2 §$ 66-86% polar
compounds/metabolites.

- Likely products of biodegradation of

hydrocarbons.
» Polar compounds/metabolites can be removed
N with silica gel.
CLN 44444
C,N
@,@&3@1 j C,N
S ﬂ‘}ﬁ‘* ‘»,MFU»N\%QRM

SBZ ST LN
P

o een

TPH d (C10-C24)
After Silica Gel Cleanup
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Split Sampling Results:
15

Anatyte: TPH-if TEH-d WSGC ® ﬁ@ﬁ@{:@ on thﬁ Jaﬁm agﬂ E@*@?
: 400 400

Muonitoring = : eve ﬂt@, APPL results were
Well  Monitoring Event Lab}  APPL EPA  RPD APPL EfA RED biased low compare d to EPA
REMWDT 2018 Q8 {Jud) primary; ERHE37 350 ‘ 164G < 25U TRV e

2018 Q1 (Mar) primary; ERHS45 150 180 <254 < FH L e H@ E‘“a@

2017 34 (Och) primary; ERH412 falsl 240 < 25 L} LAr S ¥ I @ muﬁﬁ@ th@ Q@oﬁ ?’ m& (@ﬁﬁ}

duplicate; ERH413 83 - < 25 {3

sor7 event, APPL and EPA RS Lab

2017Feb » used the same calibration

2017 Q1 (Jan)  primary; ERH17Z standard, and APPL still had

RHMWDZ 12018 G8 (Juh primary; ERHE39
dupdicate; ERHS840
2018 Q1 {(Mar} primary; ERHB4Y
duplicate; ERMHS48
2017 G4 {0t prirnary; ERH415
dupdicate; ERH416
‘2{}1?‘ Mar prmary; ERHZ65
2017 Fab primary; ERH218

2017 Q1 {Jan) primary, ERM174

ower recoveries than EPA R9
Lab.

» During the 2018 Q ar)
event, recoveries improved
after further method
optimization: pH<2; automated
lguid-liquid extraction; rotary

RHMWO3 2018 Q3 (Juh) primary; ERHG42 75
2018Q1 (Mar)  primary; ERHS50 190 150 <TBU evaporation; and 800mL
2017 G4 (Ot primary; ERH418 180 180 12% @ <250 « 78 4 — Sam @5@ volume.
duplicate; ERH419 210 oo oo

2017 Mar primary; ERH268 88 - — ﬁﬁﬁﬁf f@ﬁ@\f@?’y @f gméar
2017 Feb prmary: ERH231 1.8 - - compounds/metabolites.
2017 & (Jamd primary. ERM181 &1 -

RPD = relative percent difference
BGC = silica gel cleanup

Oivey shaded foed indienios anﬁ?y’r& Sxpends DU EAL

£
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Split Sampling Results:

Mg/l
4500

4000 @)

3500

3000

2500

2000

1500

1000

500

Jan-17
Apr-17 -+
Jul-17 +
Oct-17 ~
Jan-18
Apr-18 -+
Jul-18
Oct-18 ~

RHMW02 TPH-d w/SGC (APPL)

s RHMWO02 TPH-d w/SGC (EPA)

ED_006532_00002883-00028



pg/L

4000 AMWHQWHWWHWW..9.WWHWH ~ 90%

3500 o TAYy + 80%

3000 o o e s +70%
: - 60%
DBOO o e :
: - 50%
D000 e
: - 40%
1500 o
- 30%

1000 -} o) L 20%

2 2 2
afevq 078.%, o"’v‘,
oy, 4y, /@)4}
¥ 4 ',) & dOp}

oD RHMWO02 TPH-d (APPL) RHMWO02 TPH-d (EPA)
% RHMWO02 TPH-d w/SGC (APPL) % RHMWO02 TPH-d w/SGC (EPA)
% %Polar compounds of total (hnon-SGC) TPH-d

Between 66-86% of the total RHMWO02 TPH-d result is from polar material/non-hydrocarbons. 04/ 4
ED_006532_00002883-00029




Split Sampling Results:

Analyie: 1-Methyinaphthalene 2-Methyinaphthalene Naphthalens
EAL 1G 14 17
Maonitoring
Weil Monitoring Event tabf APPL Eps RPD APPL EFA RPD APPL EFEA RPD
RHMWOT 2018 03 {dul) primary; ERHE37 <03 <0028 U - < (3.1 <GS < {3 U (.13 e
2018 Q1 (Mar} primary; ERHB45 <1y «3mRsy — < 0.1 20250 — <814 4,18 —
2097 O (Ot} primary; ERH412 <1 u < HO25 U - <31 R RS § R <{,1 4 7 A R
;;;;; dupl(cgteERH&H:B <o1u s (01 s {(Mu i
2017 Mar primary; ERH275 <GIU =G0 U 0 < 0.1 <EOBU L <31y SUB8 0 e
2017 Fab primary; ERH223 <1 w3025 Y o <1 < LORE U e 8.1y 13 o
2017 Q1 {dan} primary; ERH172 <DAY D <BOBL D < 3.1 OO e <O4U P SORBUE L
RHMWOZ 2018 Q3 {Jul) primary; ERHB39 : : ; 5
duplicats; ERH640
‘2038 Q1 (Mar) k primary; ERHS47
duplicate; ERH548
2017 Q4 {Ont) primary; ERH415
duplicate; ERH418
2017 Mar primary; ERH285
2017 Feb primary; ERH216
27 Q1 {dan) primary; ERHI74 . .
RHMWOS 2018 Q3 {Jul} primary; ERH&42 <@y U < GO2F U
2018 Q1 (Mar) primary; ERMS8G <014 20028 Y < 3025 U
2017 Q4 {Octl primary; ERH418 DAY D wQREBU L < 3.1 < Q025 U e <0tU 00U -
duplicate; ERMH419 § <01 U e e < 1.1 e o <044 e o
F017 Mar primary; ERHM268 <YW = GOET U < 0.1 = (3027 Y <OIU L wR02T U
2017 Fab primary; ERH231 <Q1iF QB Y L — <0 <HQZEY S — <314 L ef02su —
2017 Q1 (lan) primary; ERH181 <UL QIR — < 3.1 SRR — <t DGOl —

Chrear ahadan o) irelicaton aealite secaede TR0 Bl

Lint Blie shadend oo indlinnine RO senoier thas SO0 it SO alins Saher than BERA valnes

» APPL reported
slightly lower
concentrations
than EPA RS
L.ab for PAHs,
but recoveries
are similar for
most events.

RPD = relative percent
difference

£,
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Jan-17
Apr-17 -

Jul-17
Oct-17 -
Jan-18
Apr-18 -
Jul-18 -

Oct-18 ~

RHMWO02 1-Methylnaphthalene (APPL)
RHMWO02 2-Methylnaphthalene (APPL)
o RHMWO02 Naphthalene (APPL)

HMWO02 1-Methylnaphthalene (EPA)
» RHMWO02 2-Methylnaphthalene (EPA)
® RHMWO02 Naphthalene (EPA)
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ng Results:

Split Sampli

TPH concentration is from polar compounds/metabolites and not
hydrocarbons.

LT L]

- Optimization improved APPL’s ability to recover both the nonpolar and
polar hydrocarbons.

+ Based on the 2018 Q3 (July) results,

similar TPH-d and PAH recoveries.

L. and

kY Lab have

mmended split sampling.

- Collect split sample from RHMWO0Z once a year.

« Analyze for TPH~d {(with and without SGC) and PAHs {1-methyinaphthalene, 2~
methyinaphthalene, and naphthalene only).

collect split samples from all wells in monitoring well network.

» Analyze for all analytes in the LTM analytical program.

ED_006532_00002883-00032
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basal aquifer response to pumping from
« BWS Halawa Shaft

« Navy Ajea Shaft

« Navy Red Hill Shaft

« BWS Moanalua Wells

» Various pumping conditions/combinations
= Non-pumping conditions (locally)

» Barometric pressure fluctuations

» Tidal fluctuations

» Rainfall and streamflow conditions

« Transmissivity and hydraulic conductivity
« Storativity

» Anisotropy

» Barometric pressure influence on water level data

« Revised estimates of aguifer properties based on corrected water level data
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" Synoptic Study Data Review:

The University of Kansas, Lawrence, KS 66047 (785) 864-3805; wyww kgs.ku.edy
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Cornment:
Well:

Time

Copy your data into this templa

YWater Level Units:

¢ Barometric Pressure Units:

Earth Tide Units:

- Samgle Interval,
Saragle Interal Umita:

Number of BP Lags:

Murmber of ET Lags:

BRF Data Start:

BREF Data End:

5 Correction Data Start

Corraction Data End:

3

1710/ 2008 B0
11042018 9:30
110/ 2008 9220
1710/ 2008 ;30
171042018 %40
1710/ 2008 50
1/10/2018 10:00
171072018 1050
11002018 1020
171642018 16:30
110/ 2018 1han
11042018 10:50
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1/10/3018 11:50

A note to vourself ©

BHMAD ’
font :
feet ®
g3

0 nosad"

davs *
1T

87

1411418 1200 a6
115148 550 AT
1410018 500 AN

1019418 1000 P

il it

[l
[ e 7 IR VYR N B TORE Y R T

[
o b o PR WD
e

b et
=

ek et )
ot R > R

ook gt
i | ]

L R i Ry =]
SRRV SR TS
[

(%)

Faste your data below these headings (starting in row 203 ET
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P
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Updata the yellow cells approgrately. This information will be passed on to output BRF worksheat.
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days

te then press Comp.ute BRF or Comract WL butten. Use Fill Gaps button to interpolate across gaps in data.

Fill Gaps

Compute BRE
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-1, Header labeds do not affect computations

Selected BRF: BRF 3
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Monitoring Well

Supply Well

Red Hill Bulk Fusel
Storage Facility
Boundary

Red Hill Fuel
Storage Tanks
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Barometric Influence on RHMWO08

" Synoptic Study Data Review:
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Lag Mumber

R e )
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Baremetric Response Function

Barometric Response Function For
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Synoptic Study Data Review:
Selecti “ L
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Synoptic Study Data Review:
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Synoptic Study Data Review:
7

Lorrected aod Uncorrscoed Wier Lavels for RMMWGT

LR R {aserved Yo Lol
R e Laernsved Yaser bt
§ F3515
| 22850
x
g;mz&
¥ 2200
B
ézzﬁﬂm
7550
WITDEL? PG h ] ERR e LI ORIRGL 200 ELRTA 2ETIO0 TS
2274 o 34.05
2272
22.7 P34 g
@
< 22.68 =
£ 260 - 33.95 :
T 22.64 o
o 339 £
32262 ~ >
o L AL i O L WY AN T WO (U W — A W A W 4 E
2 22.6 ! - 33.85 g
= 2258 5
22.56 V . 338 m
22.54 -
22.52 33.75
09/27/17 09/28/17 09/29/17 09/30/17 10/01/17 10/02/17 10/03/17 10/04/17 10/05/17

= \N | (feE1) =Corrected WL ===BP (feet)

£,

ED_006532_00002883-00042



%yﬂ@pﬁﬁ @‘@udy Data Review

(Iswe 3)) uoneAs|3 MO Jeys emejeH pue Jeys liH pay

0 0 < N [en) 0 (<o) <t N
[a] [a] [a] N o - A - -
T : 8102/82/2
o A 8102/92/2
g
0 £ , 8102/v2IT
o . %
o c . | 8102/22/2
o . "
A - \w\\\\\w\\\\\ e,
= a5 - B . — 1114 A
a T = 0 8102/81/2
....... nH\w o \\xm\\\\.“ww“\v\\ w§§§
» ® . — - 8L0ZI9LIT
W ........ % m ................................. \x\\\\\\\wwm\w WWW M\M\x.:,erN\v_\\N
= w O \\\\\\\\\M\\\\ \\W
I @ 3 " e Ak
< S o e w“w%wsmatm
w 2 w . k-« N
L . . ey . -
O - .0 = 8102/9/2
P o= e
= —~ ££. ? 8102/7/2
© © s 81021212
m & : . - 8L0Z/Le/)
a > _ - 8102/62/)
o =
w 5 - 5| 8102/L2/L
hm rr = &MWM& e |2 5 [ 8H0EIST
Jo ey & AR 8102/52/1
e ....... \\%\\\\\\ \\ ¥ o
o = 8102/L2/
O
1 - 8L0Z/BL/1
O i - 8LOZ/LLIL
_____
== : -+ 8L0Z/SL/L
........ \\&W\\W\\\ 1 g
L S &|-+8lOZ/ELL
........ . =
\\\\e\\x o S gl 8L0Z/LL/L
- e Q
. = = = 8L glozen
e o Tl
oo w w .
\\W\\% . 8L0Z/L/L
: -8 P g10z/s/L
L
e N S 8L0z/E/1
\\\\\\«\\\\\\\\ 1\
B . 81L02/L/L
o [ve) «© <t N 0 (o) <t (o]
- ©® ®© © o v ~ o~ N

(Iswe 3) A2|3 MD SlIPM MINHY

ED_006532_00002883-00043



Synoptic Study Data Review:
7 - B!

- WL feet --Corrected WL
0.15

0.1

0.05

Water Level (feet)

-0.05

0.1 —WL (feet) - Corrected WL
10 100 1,000

Elapsed Time (min)

100 1,000 10,000
tit

£y
1)

ED_006532_00002883-00044



-==\W] feet ---Corrected WL

0.7

0.6

0.5

o
'

e
w

Water Level (feet)

o
(V)

0.1

10 100 1,000 10,000
Elapsed Time (min)

e
[

ED_006532_00002883-00045



gy Data Review:
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gy Data Review:
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gy Data Review:
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Mean

Drawdown Recove Drawdown

= =
o . = = 0 = = = v = = e
= 9_).2 Wruet | (7p) 9.2 '_.:U)%\ 8.2
= O © O = o O = = T T
D a O @ £ g O D E g o O
LU <h H & <o . <5

Recover

Effective
Apparent
Storativity

I\/I|n|mum

607,000 0.01 353,000 0.01 657,000 0.02

Mean

2,350,000 631,000 | 013 |

782,000 655,000 667,000
Minimum 409,000 0.02 402,000 0.01 585,000 0.02
Maximum | 1,450,000 0.15 982,000 0.12 760,000 0.10
Mean 829,000 0.06 633,000 0.05 651,000 0.06 1,030,000 0.08
ll\/linimum 409,000 0.02 384,000 0.01 589,000 0.02 708,000 0.02
ll\/laximUm 1,340,000 0.16 803,000 0.13 750,000 0.19 1,260,000 0.38

* Yellow boxes indicate where Theis was matched once for both
drawdown and recovery, instead of two individual analyses.
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bserved water level
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- Tidal influence on observed water level fluctuations

| in only sligl ges to

derived

mmﬂmm&mm

- Hﬂﬁ&ﬁﬁh and Thom

ED_006532_00002883-00060



S0 rirsering Dorremanc

ED_006532_00002883-00061



TFN Analysis:

Is by:

Developing data for calibration of groundwater models

— Independent validation of groundwater model predictions
— Estimation of equivalent aquifer hydraulic properties

- Evaluation of aquifer anisotropy
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individual impact of known stresses
(@,gm, pump ng at Halawa Shaft and at Red Hill Shaft; barometric
pressure, earth tides) at various time scales, on the synoptic water
level data at the various monitoring wells (receptors)

~— Quantification of the magnitude of the unexplained w
variations

ater level

0 flow model — calibrate to individual stresses and
signals; evaluate against combined signal of all synoptic pumping.

~ Signal strength of a particular stress to a particular receptor
(e.g., RHMWO7 response is similar to barometric fluctuations and
does not resemble the pumping signatures at Red Hill Shaft and
Halawa Shaft)

Estimates of equivalent transmissivity between different stress
(pumping well) locations and observation wells indicating
heterogeneity, anisotropy, and parameter ranges
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TFN Analysis:
stimation of Step Response Functions for
odel Calibration (Re Il Shaft Pumpi
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Noise
Model

et He

“t | Response b 3
Model

X, Dynamic b 4 1,

Output = dynamic component + noise
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Unit impulse response function as transfer function
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TFN Analysis:
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Head Differences Between «
Tirme 1: Red Hill Shaft Off (At Max Recovery}
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TFN Analysis:
Well

{fasl}

{feet}

ooty !

18

18%
Jan 01

13.4

[

floet) g4

{feel}

Jan O8

OWDFMWO1

feel)

dan 1 Jan 22 Jan 23 Fel 05

RHMWO1

ffeet)

i 28 Jan 23 F : 3 é el 1 Fet 26

RHMWO05

2 Febi3 Feb26

2018

i 1
18.4 A e M
182

RHMWO2

Jar 8

an il {008 fan il ban 2o Leb os

12

RHMWO3

ffeet)

Jan 22 Jan 22 s

{fesl)

Fel 13 Fet 26

2018
Red Hill Shaft On,

Red Hill Shaft Off .
Max Pumping

Feb 05 Fab 26

2018

Jan 29

Jan 22

el o

18

Jan &1 Feb 26

2018

Halawa Shaft On,
Max Pumping

ED_006532_00002883-00074

Jan 29 - K 2 Fal 13

Jdan 08 Jdan 18

Halawa Shaft Off




{cont.)

g

18.5

18441

{feat)

18.3
18.2

Jar

18

17.9¢

ffaet)
17.7

17.8¢

Jany 1

18.4

18.3¢

18.2
{fead)
¢ / 18
7.8

7.8

Jan O1

78

RHMWA10

1 {11 Jan 08 Jan 15 Jan 28

Feb 28
2018

Ja 22

RHMW11 21

Jan 08  Jan i5

Febr 12 Fab 26

2018
Red Hill Shaft On,
Max Pumping

Jann 08 Jan 15 Jan 22 Fab 19

Red Hill Shaft Off

{feat)

ffaet)

ffaet) 19

RHMW11 24

Jan 15 Jan 28

Feb 18 Feb 28

2018

Jan 08 Ja 22

RHMW11 Z5

k ?‘,}&’g%;{j ?é .................. .

: m‘\‘;\ M}MMI 'a.,% wp.fi
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv %

Jan b

J’m 08

s

1 J’m v>5 Jan 1“ Jar 2

feet) 1RI3H/K

Feb 26
2018

Halawa Shaft On,
Max Pumping

Jan O1 Jann 08 Jan 15 Jan 22 Feb 05 Feb 12 Feb 19

Halawa Shaft Off

ED_006532_00002883-00075



Jan 08 Jan 18 Jan 22 Jan 28 Feb 08 Feb 12 Feb 18 Feb 28 - Jan 08 Jdan b Jan 22 JanZ3  Feb 05 Feb 12 Feb 19 Feb 20
2018 2018

Halawa Deep Al

16.9

16.8 ; ; f :
i sl

16.7 H W ;

{feel)
16.6

18.5

e S 1 6-4 mMMMmMmAMMM««
Jarn 08 Jan Jan 22 Jan?3  Feb 05 Feb 12 Feb 18 Feb 28 Jan 08 Jdan 18 Jan 22  JanZd®  Feb 05 Feb 12 Feb 19 Feb 28
2418 2018
) Ka'ami
18.6 16.7

" 186 B k

8.4 i 1

{faat) {feet) 16.5 J‘W’M MM
19.2

16.4

163

Jan 08 Jdandsd  dan 22 JanZ3  Feb d5  Feb 12 Feb 19  Feb 28
2018

alawa Shaft On,

Red Hill Shaft Off Red Hill Shaft On,

Halawa Shaft Off

Max Pumping

Max Pumping J—

ED_006532_00002883-00076



TFN Analysis:
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Hydraulic Characteristics between
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has a significant effect on monitoring
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id orientation from

Aiea (Navy Boat Harbor) well

datasets

ry material property estimates from literature

- TFN analysis
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3rid Levels:

—Level 1 =250 f
~Level 2="125 f
« NW and SE boundaries
« Tuff cone perimeter
» Red Hill ridge
» Adjacent ridges
= Area of interest

» Saprolite extent based on two different depths as interpreted at Halawa
Deep Monitoring Well (2253-03)

» Marine caprock limestone extent
—Level 3 =62.5 ft

» Pumping wells
~Level 4 = 31.25 ft

» Red Hill Shaft

+ Halawa Shaft
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lodel Update Progress:

Red Hill Bulk Fuel
Storage Facilily
Boundary

The grid refinement is the same for all layers, with Azimuth=213.6
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Red Hill Bulk Fusd

| Storage Facility

Boundary

Marine deposits perimeter extent connects both NW and SE boundaries.

7y

)
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Red Hill Bulk Fuel
Storage Facility
Boundary
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lodel Update Progress:

ED_006532_00002883-00118



lodel Update Progress:

e

Rad Hill Bulk Fuel
Storage Facility
Boundary
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odel Update Progress:

Supply YWell

R R R R
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Model Update Progress:
' Section thr

Groundwater Flow Model Layers 1-8

B
R4
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nismatch of 0.1 ft can be inconsequential t
|

lifference mismatch aly

AY S affects flc

£ ﬁ

ial differences (well pairs)

— Temporal differences (drawdown/buildup)

ehavior between wells and between times

—Focus is on |

be used to develog
irgets for calibration
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S0 rirsering Dorremanc

ED_006532_00002883-00126



S0 rirsering Dorremanc
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Adjusting Monte Carlo approach for LNAPL evaluation in the
unsaturated zone (reflecting new strike and dip and geologic
properties)
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Synoptic |
Analysis

S wmﬁm Extent Variants

Pearl Harbor ang C
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